Multipath arrivals in the vertical particle velocity have higher signal-to-noise ratios than those in the horizontal particle velocities because of steep arrival directions. By exploiting this advantage, the cross-correlation of broadband ship noise between the pressure and the vertical particle velocity can be used for multipath information exploration. Since ship noise is often 
Cross-correlating ambient noise by separated hydrophones can extract the impulse response or Green's function from one hydrophone to the other [9, 10] . Furthermore, cross correlation of surface ship noises can also be used for multipath time delay estimation and ship localization by spatially spaced hydrophones [12] . An A VS samples the pressure and the three-dimensional particle velocity at one point, and thus gives four auto-correlations and twelve cross correlations, which provides more information for source localization and geoacoustic inversion. As a matter of fact, the peaks of the cross-correlation between the particle velocity and the pressure components include the multipath time delays for the purpose of source localization, and also the multipath arrival amplitudes for bottom reflection coefficient estimation. Since the propeller noise was modulated on broadband ship noise, the frequency band of ship noise that was most strongly modulated should be estimated. Its purpose is to find the desired frequency band for the cross-correlation. In order to do that, the signal at 7.8sec is selected, and filtered by Harmonic tones are always considered as a nuisance because they destroy multipath peaks in the cross-correlation.
At the same time, the high background coloured noise reduces the SNR of the received channels and then smears the multipath peaks. Therefore, time and frequency normalization preprocessing methods are utilized before the cross-correlation, as shown in Fig.4 , in order to reduce harmonic tones and emphasize desired signals [10] . The absolute whitening (A W) or the spectral whitening (SW) method in the frequency domain is widely applied and is demonstrated effective in seismology interferometry. It replaces the cross spectrum with a unit amplitude spectrum, that is [10] (1)
where Xn(aJ) IS the spectrum of the n, h (n=I, 2,3, 4) component in the A VS.
Let the ql h component of one A VS be the reference channel, the cross spectrum between the ni h and the qlh components is given by
Where * is the conjugation operator. After inverse Fourier transformation (1FT) of Cnq ( aJ ) , the new cross correlation enq ( T ) can be obtained.
The generalized cross-correlation (GCC) method for time delay estimation (TDE) is a popular technique which reshapes
the cross-spectrum by frequency weighting functions [15] . Let W ( aJ) be the weighting function, the GCC is given by [15] G nq ( aJ ) = Cnq ( aJ ) W ( aJ )
Where W ( aJ ) = 1/ICnq ( aJ )1 is for the PHA T method; W ( aJ ) = 1/ Cqq ( aJ ) for the ROTH method; W (aJ) = 1/ �Cnn (aJ )Cqq (aJ) for the SCOT method.
The PHA T is free from the source signal, and depends only on the channel responses, which is similar to the A W processor.
The numerical differences between the A W of the time-series prior can be neglected [11] . The ROTH has a desirable effect In the near field, the vertical particle velocity component of an A VS has higher signal-to-noise ratios than its horizontal components for multiple reflected arrivals because of steep elevation angles. Then the cross-correlations between the pressure (P(1)) and the horizontal particle velocities Vx (vx (1)) and Vy (vy(1)) of the first A VS have smaller multipath peaks and higher sidelobes than those between the pressure and Vz (vz( l)) after the ROTH normalization, which is shown in Fig.   6 (a). The peak of the auto-correlation, that is p(1)-p(1) in Fig.   6 (a), is rather ambiguous due to the fact that the normalization process will destroy the multipath information in the auto correlation. According to [4] , the cross correlation peak will shift and its sign will change as well under the low SNR and that is why the positions of peaks of the cross-correlations between different components in Fig. 6(a) are slightly different.
Nevertheless, Fig. 6(b) shows that the normalized cross correlation between p(1) and the second vertical particle velocity (vz (2)) is in phase with that between p( l) and the second pressure (P (2)); whilst, the cross-correlation between p( 1) and vx (2) is in phase with that between p( 1) and Vy (2).
B. Multipath time delay identification in Makai 2005
Since the relative positions of the ship to the A VS array is roughly known, an attempt is made to understand where the cross-correlation peaks come from. Simulations using the noise cannot generate the surface reflected paths. Then, after removing the surface reflected paths in Figs. 7 and 8 , we can fmd that it is impossible to satisfy both time delays around 26ms and 27ms for all possible source positions, unless the source is very deep or very far from the A VS array. Therefore, the possible conclusion for these two arrivals is that they come from the bottom and sub-bottom reflected paths, from where the first bottom layer depth can be inferred.
To validate the application of the vertical particle velocity Vz in the near field, the cross-correlations between the pressure and the horizontal particle velocity Vr and the pressure and Vz are shown in Fig. 9 . It can be seen that the cross-correlation between p and Vz is stronger and has a better SNR than that between p and Vr,. This verifies the Makai results.
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IV.

C ONCLUSION
In this paper, the multipath cross-correlation between the pressure and the particle velocities for the purpose of the geoacoustic inversion is discussed. The noise of the research vessel RlV Kilo Moana in close range was identified by the DEMON method, which is consistent with its specification. It is found through Makai results and simulations that multipath arrivals in the vertical particle velocity have higher signal-to noise ratios than those in the horizontal particle velocities because of steep arrival directions. Further analyses infer that there are possible multiple layers by the cross-correlation of the broadband ship noise at the pressure and the vertical particle velocity. The results demonstrate the potential of using only one A VS for bottom layer depth estimation.
